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Samples of Polygonum alpinum and Alcea rosea infected by powdery mildews collected from Azerbai- 
jan were analyzed by using morphological and molecular methods. 28S rRNA gene including D1/D2 
domains and ITS1/5.8S/ITS2 regions were determined for each specimen. Consequently, Golovinomy- 
ces spadiceus on P. alpinum and G. magnicellulatus on A. rosea were identified. Comprehensive mor- 
phological descriptions, illustrations of species and the results of molecular-phylogenetic analysis were 


given in the present article. 
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INTRODUCTION 


Powdery mildew fungi (Erysiphaceae) are 
economically important plant pathogens of vascular 
plants, including many cultivated plants. This group 
of fungi is characterized by their obligate biotrophic 
nature. Powdery mildews have long been consid- 
ered as strictly host specific, in which host range of 
single powdery mildew species is restricted to a 
single plant family, or narrow range of genera or 
species (Matsuda, Takamatsu, 2003; Glawe, 2008; 
Braun, Cook, 2012). This assumption was support- 
ed with molecular analyses in many cases. But 
there are some exceptions, in which isolates having 
identical or highly similar DNA sequences are 
found from many distantly related host plants. For 
example, Golovinomyces orontii (Castagne) Heluta, 
Leveillula taurica (Lév.) G. Arnaud and Podo- 
sphaera xanthii (Castagne) U. Braun dc Shishkoff, 
are strictly herb parasitic fungi and have wide range 
Of host plants beyond famıly level. In comparison 
with tree-parasitic powdery mildews having older 
origin and narrow range of hosts, herb parasitic 
powdery mildews have recent origin and consid- 
ered that they are continuing their host expansion 
(Khodaparast et al., 2001; Matsuda, Takamatsu, 
2003; Takamatsu et al., 2013). Exclusively tree- 
parasitic powdery mildew fungus, Phyllactinia gut- 
tata (Wallr: Fr.) Lév. represents as a species com- 
plex composed of numerous species. Some tree 
parasitic species, such as Erysiphe alphitoides 
(Griff. & Maubl.) U. Braun & S. Takam., E. platani 
(Howe) U. Braun & S. Takam., and E. quercicola S. 
Takam. & U. Braun are also considered to be active- 
ly expanding their host ranges to numerous unrelated 
host genera and families other than their original 
hosts (Kirschner, Liu, 2014; Takamatsu et al., 2015; 
Siahaan et al., 2016). Recently, 11 tropical tree gene- 
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ra were listed as hosts for E. quercicola (Lim- 
kainsang et al., 2006). Sequences identical to E. 
alphitoides on herbaceous Oenothera spp. were de- 
termined by molecular analysis, which was the first 
record of this fungus on herbaceous plants (Bereczky 
et al., 2015). E. platani expanded its host range to 
Simaroubaceae (Ailanthus altissima), beyond its 
original host Platanaceae family (Beenken, 2017). 
Studies of powdery mildews in Azerbaijan be- 
gan in mid of the last century, when numerous taxa 
from Erysiphales were recorded during exploring of 
mycobiota in this country (MexrneBa, 1956; 
Krrrouesa, 1965, AxyH/zoB, AraeBa, 1978; 
AxyHyos, 1979). However, taxonomic literature 
has significantly changed during last 20 years. 
Comprehensive investigation is required to clarify 
and renovate the knowledge about this group of 
fungi by application of modern morphological and 
molecular methods with additional collections. 
During our study, we found powdery mildews 
on Polygonum alpinum All. (Polygonaceae) and 
Alcea rosea L. (Malvaceae) collected in 2015-2016 
from Baku, Azerbaijan. Both host species are her- 
baceous plants, of which Alcea L. species are 
grown as an ornamental plant. Based on the mor- 
phological examinations, catenate conidia and nip- 
ple shaped appressoria were found, suggesting that 
the fungi from our specimens belong to the genus 
Golovinomyces. Powdery mildews from this genus 
infect up to 2283 plant species from 58 families 
worldwide and have never been recorded on the 
Polygonaceae family (Amano, 1986). Two 
Golovinomyces species, G. americanus and G. 
orontii were recorded on some plant species from 
Malvaceae family, of which G. americanus 1s 
known to be distributed only in North America 
(Braun, Cook, 2012). G. spadiceus on P. alpinum 
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and G. magnicellulatus on A. rosea were identified 
based on molecular and morphological examina- 
tions of our specimens. Thus, morphological de- 
scription, illustration of species and results of mo- 
lecular-phylogenetic analysis were given in the pre- 
sent study. 


MATERIALS AND METHODS 


Samples used in this study were deposited in 
Mycological Herbarium of Mie University (TSU- 
MUMH, Tsu, Japan) and Mycological Herbarium 
of Institute of Botany, Azerbaijan National Acade- 
my of Sciences (BAK, Mycological Herbarium, 
Baku, Azerbaijan). Collection date, location, host 
plant species and accession numbers of the nucleo- 
tide sequences were given. 

Morphological examination. For observation 
of asexual morph on the dried herbarium samples, 
lactic acid was used according to the procedure de- 
scribed by Shin & La (1993). Little piece of infect- 
ed leaf was mounted in lactic acid on microscopic 
slide and gently boiled, then asexual structures 
were scrapped off from the leaf surface and ob- 
served under the optical microscope (Axio Imager, 
Carl Zeiss, Gottingen, Germany) with phase contrast 
using 10x, 20x and 40x objectives. Thirty conidia 
and conidiophores were measured for each speci- 
men. The original size of conidia reconstructed with 
Bulmer’s factor (Braun, Cook, 2012). Drawings 
were carried out by freehand using scale bar. 

Molecular and phylogenetic analysis. DNA 
was extracted from mycelia by the chelex method 
(Hirata, Takamatsu, 1996). The ITS1/5.8S/ITS2 
regions and 5”-end of the 28S rDNA gene (includ- 
ing Dİ and D2 domains) were amplified separately 
by single polymerase chain reaction (PCR) (Mee- 
boon, Takamatsu, 2015). PCR reaction was con- 
ducted with TaKaRa PCR thermal cycler Dice 
(TaKaRa, Tokyo, Japan). A negative control lack- 
ing DNA template was included for reactions. Pri- 
mer sets TTS5 (5-- 
GGAAGTAAAAGTCGTAACAAGGĞ-37)/ PM6G 
(5 -CGAGCCCCA AC ACCA A 3”), and PM5G (5’- 
GACCCTCCACCCGTGT-3’)/ NLP2 (5'- 
GGTCCCAACAGCTATGCTCT-3’) were used for 
amplification. PM6G and PM5G are specific pri- 
mers for Golovinomyces species. The PCR products 
were subjected to electrophoresis in 1.5% agarose 
gel in TBE buffer, then stained with Midori Green 
Advance DNA stain (Nippon Genetics Europe 
GmbH, Germany) and visualized under UV light. 
DNA samples were sent to SolGent (Daejeon, 
South Korea) for sequencing. 


Two newly obtained sequences determined in 
this study were deposited to DNA Data Base of Ja- 
pan (DDBJ) under the accession numbers LC331790 
and LC331791. These sequences were aligned with 
other closely related sequences of the Erysiphales 
retrieved from GenBank using MUSCLE imple- 
mented in MEGA 7 (Edgar, 2004; Kumar et al., 
2016). Phylogenetic tree was constructed using max- 
imum parsimony (MP) method implemented in 
PAUP 4.0a157 (Swafford, 2002). MP analysis was 
run using heuristic search option with tree bisection 
reconnection (TBR) algorithm with 100 random se- 
quence additions to find global optimum tree. The 
strength of internal branches in resulting tree was 
tested with bootstrap (BS) analysis using 1000 repli- 
cations with step-wise addition option set as simple 
(Felsentein, 1985). BS values of 70% or higher were 
given on the representative branch (Figure 1). Tree 
scores, including tree length (TL), consistency index 
(CI), retention index (RI), and rescaled consistency 
index (RC) were also calculated. 


RESULTS AND DISCUSSION 


Phylogenetic analysis. Two sequences of ITS 
regions and 28S rRNA gene were determined from 
specimens on P. alpinum and A. rosea and aligned 
with closely related 21 sequences from the genus 
Golovinomyces. Arthrocladiella mougeottii (Lev.) 
Vassilkov (AB329690) vvas used as outgroup (Tak- 
amatsu et al., 2013). Totally the data matrix con- 
sisted of 24 sequences and 1272 characters, of 
which 1134 (89.5%) of them were constant and 58 
(4.6%) characters were variable and parsimony- 
uninformative. Only 80 (6.3%) characters were in- 
formative for parsimony analysis. Subsequently, 
518 equally parsimonious trees with 207 steps were 
constructed by the MP analysis. The best tree was 
chosen by Kishino-Hasegawa (Kishino, Hasegawa, 
1989) and Shimodaira-Hasegawa (Shimodaira, Ha- 
segawa, 1999) topology tests and a tree with the 
highest likelihood value was shown in Figure 1. 

Taxonomy. Conidia producing in chains (cate- 
nate), Euoidium type of conidial germination and 
nipple shaped appressoria indicated that the fungi 
from our specimens belong to the genus 
Golovinomyces. Only morphology of asexual struc- 
tures is not enough to identify powdery mildews in 
species level. Therefore, identification of species 
was done based on combined results of molecular 
and morphological analysis. 

Golovinomyces spadiceus (Berk. & M.A. Cur- 
tis) U.Braun, Braun & Cook 329, 2012. (Fig. 2, 3). 
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ITS + 28S rRNA gene 
24 sequences 
1272 characters 





G. ambrosiae ex Helianthus annuus AB077679 

G. circumfusus ex Eupatorium chinense AB000934 
G. spadiceus ex Polygonum alpinum MUMH7032 
G. spadiceus ex Zinnia elegans AB769425 


Golovinomyces sp. ex Solanum carolinense AB769427 


G. spadiceus ex Xanthium strumarium AB000934 


G. ambrosiae ex Ambrosia artemisiifolia AB077631 


G. biocellatus ex Salvia officinalis AB307674 


G. biocellatus ex Rosmarinus officinalis AB307671 


G. magnicellulatus ex Phlox paniculata AB769441 


G. magnicellulatus ex Alcea rosea MUMH7033 


Golovinomyces sp. ex Verbena sp. LC076840 


Golovinomyces sp. ex Verbena hastata LC076839 


G. magnicellulatus ex Phlox paniculata AB077621 


TL = 207 
Cl = 0.8261 400 
RI = 0.9070 
RC = 0.7492 
100 
84 
85 


Euoidium longipes ex Ranunculus sp. AB/69443 


941 f G. cichoracearum ex Scorzonera hispanica AB077682 


G. cichoracearum ex Tragopogon buphthalmoides AB077694 


G. cynoglossi ex Cynoglossum asperrimum AB769454 


G. cynoglossi ex Pulmonaria obscura AB077684 


G. valerianae ex Valeriana officinalis AB769471 


75 G. orantii ex Papaver somniferum AB769463 


G. orantii ex Cucurbita pepo AF229017 


G. orontii ex Nicotiana tabacum AB022413 


— 5 changes 


Arthrocladiella mougeotii ex Lycium chinense AB329690 


Figure 1. Phylogenetic tree of the genus Golovinomyces inferred from the ITS + 28S rRNA gene sequences con- 
structed by maximum parsimony (MP) method. Bootstrap (BS) values (7076) were given on the branches. Se- 


quences determined in this study were highlighted. 


Description: Mycelium amphigenous, in dense, 
effuse or in irregular patches, sometimes covers en- 
tire leaf surface, white to grayish, persistent. Hyphae 
3—7 um diam., thin-walled, hyaline, smooth, hyphal 
appressoria nipple-shaped, solitary. Conidiophores 
arising from the upper surface of mother cells and 
towards one end of cell, up to 135 um long. Foot- 
cells cylindrical, straight, 20-50 x 9-12 um, fol- 
lowed by 1-3 shorter cells. Conidia formed in 
chains, ellipsoid, obovoid, doliiform, 26—41 x 16—23 
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um, length/width ratio 1.4—2.0. Conidial germination 
is in the Euoidoim type, germ tubes arising lateral or 
slightly medium, with swollen appressorium on end. 
Material examined: On Polygonum alpinum 
All. (Polygonaceae), Lokbatan, Baku, 08 Sept. 
2015, leg. L.V. Abasova, BAK Mycological Her- 
barium No 10057, TSU-MUMH 7032, DDBJ ID 
number: LC331790 (ITS and 28S rRNA gene). 
Remarks: Levcillula taurica and Erysiphe 
polygoni DC. have been described on Polygonum 
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species worldwide (Braun, Cook, 2012). Determined 
nucleotide sequences of the 28S rRNA gene and ITS 
regions from our specimen were completely identical 
to the sequences of Golovinomyces spadiceus 
(AB769425) on Zinnia elegans in GenBank. Three 
Golovinomyces species, G. ambrosiae, G. spadiceus 
and G. circumfusus listed in manual (Braun, Cook, 
2012), mainly occur on the plants from the tribe He- 
liantheae of Asteraceae. Takamatsu et al. (2013) re- 
ported that isolates of these three species are homog- 
enous and placed in the same clade and differentia- 
tion of these species on genetic level is difficult. So, 
it is not reliable to identify species only based on 
molecular results, because there are some allied taxa 
with closely related nucleotide sequence data (Tak- 
amatsu et al., 2013). In the present phylogenetic 
analysis (Figure 1), the sequence from our specimen 
placed in the clade with G. ambrosiae, G. circumfu- 
sus, and G. spadiceus, supported by 100% BS value 
in MP analysis. We checked the nucleotide similarity 
among these species. G. ambrosiae and G. circumfu- 
sus were 99.9% similar (only one base differences 
per each species) to our specimen in the ITS region. 
But there are two substitutions difference between G. 
ambrosiae and our specimen. However, some mor- 
phological differences among these species were 
reported. G. circumfusus has longer (30-110 um) 
and straight to curved foot-cells, whereas foot-cells 
in G. spadiceus (30—80 um) are shorter and straight. 
Limoniform shape of conidia was recorded in both, 
G. circumfusus and G. ambrosiae, but not in G. spa- 
diceus. Length/width ratio in G. ambrosiae (1.41.6) 
is smaller than G. spadiceus (1.5—2), but in G. cir- 
cumfusus (1.3—2.6) is bigger (Braun, Cook, 2012). 
Thus, our specimen was identified as G. spadiceus 
based on morphological and molecular data. This is 
the first record of the genus Golovinomyces on Poly- 
gonaceae family in the world. P. alpinum is a new 
host record for G. spadiceus. 





Figure 2. Golovinomyces spadiceus on Polygonum alpinum 
(MUMH 7032; MH No 10057). A. Conidiophore; B. Ger- 
minated Conidia; C, D. Conidia; Scale bar = 30 pm. 





Figure 3. Asexual morphs of Golovinomyces spadiceus 
on Polygonum alpinum (MUMH 7032; MH No 10057). 
A. Conidiophores; B. Conidia; C. Germinated conidia; 
D. Hyphal appressoria; Scale bar = 100 um. 


Golovinomyces magnicellulatus (U. Braun) 
Heluta, Ukrayins’k Bot. Zhurn. 45 (5): 63, 1988 
(Fig. 4, 5). 

Description: Mycelium amphigenous, thin, ef- 
fuse, covers entire leaf surface, grayish, evanescent 
to persistent. Hyphae thin-walled, hyaline, smooth, 
4—7 um diam., hyphal appressoria nipple-shaped, 
solitary. Conidiophores arising from upper surface 
of mother cells, towards one end of cell, 140—270 
um long. Foot-cells cylindrical, straight, (45—)58— 
130 x 9-12 um, followed by 1—3 shorter cells, thin 
from the base, becoming wide above. Conidia 
formed in chains, ellipsoid, cylindrical to doliiform, 
(29—)31—37 x 16-19 um, length/width ratio (1.3— 
)1.7—2.2, conidial germ tubes arising terminal, short 
and with swollen appressorium, Euoidium type. 

Material examined: On Alcea rosea L. (Mal- 
vaceae), Botanical garden, Baku, 12 May 2016, leg. 
L.V. Abasova, BAK Mycological Herbarium No 
10058, TSU-MUMH 7033, DDBJ ID number: 
LC331791 (TTS and 28S rRNA gene). 

Remarks: Alcea species are biennial or peren- 
nial herbs and cultivated as an ornamental plant. 
Leveillula contractirostris Heluta & Simonyan was 
reported as powdery mildew pathogen on Alcea 


65 


Abasova et al. 


species (Braun, Cook, 2012). However, molecular 
and morphological results indicated that our speci- 
men belongs to the genus Golovinomyces. 





Figure 4. Golovinomyces magnicellulatus on Alcea 
rosea (MUMH 7033; MH No 10058). A. Plant; B. Dis- 
ease symptoms; C. Conidia; D. Germinated conidia; E. 
Conidiophore; Scale bar = 50 um. 


Sequences of ITS and 28S rRNA gene were 
99% identical to the sequences of G. magnicellulatus 
(ABÜ77621, AB769442) on Phlox paniculata and G. 
orontü (AB307670) on Verbena hortensis in Gen- 
Bank. Nucleotide sequence similarity between G. 
magnicellulatus and our specimen was 99% (4 sub- 
stitutions difference) in ITS region and 100% identi- 
cal in 28S rRNA gene. Two varieties of G. magni- 
cellulatus are known, and both of them were record- 
ed on Phlox and Polemonium spp. (Polemoniaceae). 
Morphological differences between the two varieties 
is in width of chasmothecial appendages and peridi- 
um cells. In the meantime, G. orontii and G. ameri- 
canus are recorded on some species from Malvaceae 
family. G. americanus is a powdery mildew fungus 
endemic to North America, whereas G. orontii 18 
distributed worldwide. 
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Figure 5. Asexual morphs of Golovinomyces magnicel- 
lulatus on Alcea rosea (MUMH 7033; MH No 10058). 
A. Conidiophores; B. Conidia; C. Germinated conidia; 
D. Hyphal appressoria; Scale bar = 100 um. 


Asexual morphs of our specimen are more 
similar to G. magnicellulatus than G. orontii. 
Curved foot-cells, twisted or forked germ tubes in 
G. orontii is distinguishable characters from our 
specimen (Braun, Cook, 2012). In the phylogenetic 
analysis (Figure 1) sequence obtained from our 
specimen is located within the sequences of G. 
magnicellulatus and Golovinomyces sp. on Verbena 
and supported by 96% BS value in MP analysis. 
Our specimen was identified as G. magnicellulatus 
according to the molecular and morphological data. 
However, we could not distinguish the variety, be- 
cause our specimen was in asexual stage. 
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Golovinomyces (Erysiphales, Ascomycota) Cinsinə Aid Yeni Sahib Bitkilərə Dair Qeydlər 
L.V. Abasova ', D.N. Ağayeva ', S. Takamatsu ” 


! AMEA Botanika İnstitutu 
“Mie Universiteti Bioresurslar Məktəbi, Yaponiya 


Azərbaycandan toplanmış unlu şeh göbələkləri ilo yoluxmuş Polygonum alpinum və Alcea rosea nümunələri 
morfoloy və molekulyar metodlarla tədqiq edilmişdir. Hər bir nümunə üçün 28S rRNT-nin D1/D2 domenləri 
daxil olmaqla, ITS1/5.8S/ITS2 sahələri, müəyyən edilmişdir. Nəticədə, P. alpinum üzərində Golovinomyces 
spadiceus və A. rosea üzərində G. magnicellulatus növləri təyin olunmuşdur. Məqalədə bu növlərin ətraflı 
morfoloji təsviri, illustrasiyası və molekulyar-filogenetik analizlərinin nəticələri verilmişdir. 


Açar sözlər: Erysiphaceae, molekulyar analiz, yeni sahib bitki, unlu şeh göbələkləri, taksonomiya 


HoBbıe /laHHbıe O PacreHHsıx-Xo3seBax Poza Golovinomyces (Erysiphales, Ascomycota) 
JI.B. A6acoBa +, /T.H. AraeBa 1, C. Takamarcy ” 


"Hucmumym 6omanuku HAH Asepöaülərcana 
“IIlkona 6uopecypcoe Vnusepcumema Mue, Anonua 


Uccneyospansl o0pa3ubı c Polygonum alpinum n Alcea rosea, 3apaxKeHHble MyUHHCTO-DpOCSHBIMHİ TDHÖaMH, 
coOpaHHpie B A3ep0alypKaHe C HCTO/B3OBAHHEM MOpĞQ)O/OTHHECKHX H MOJICKYJIAPHBIX MeTOOB. JIA Kax- 
noro opasta, BK/IEOMas /OMEHBİ /11//2 28S pPHK, Osim onpexzenensi 30HbI ITS1/5.8S/ITS2. B pesynptate 
Ha P. alpinum Obu UteHTHULMpOBaH BU Golovinomyces spadiceus n Ha A. rosea - G. magnicellulatus. B 
HaHHOH CTaTbe TIDHB€/EHBI NOAPOOHOe MOpĞ)O/TOTVHHECKOC OTİHCAHH€, VUUTEOCTpaLHVSI BYOB M pe3yJIbTaTbl 
MOJICKYJIAPHO-@WJIOreHETHYECKOLO aHa/ıH3a. 


Kunroucevie cioea: Erysiphaceae, MONECKVIAPH ble AHAMUSbI, HOĞDIC DACMeCHUA-XOSAC6A, MVUHUCMO-PDOCAHbIEe 
epuool, MAKCOHOMUA 
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